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Abstract-In this paper, six recently proposed massive
multiple-input multiple-output (MIMO) channel models are
described briefly, and their normalized channel capacities and
spatial cross-correlation functions (CCFs) are further compared.
Among these models, two dimensional (2D) elliptical model, 2D
parabolic model, three dimensional (3D) twin-cluster model,
3D 5G channel model, and 3D ellipsoid model are geometry-
based stochastic models (GBSMs), while 2D Kronecker-based
stochastic model with birth-death (BD) process on the array axis
(KBSM-BD-AA) is a correlation-based stochastic model (CBSM).
The 3D channel characteristics considering the elevation angles
of massive MIMO channels, and 2D channel characteristics are
investigated. The simulation results show that the spatial CCFs
and channel capacities of 3D channel models are larger than
those of the corresponding 2D channel models.

Keywords - Massive MIMO channel models, GBSM, CBSM,
spatial CCFs, normalized channel capacities.

I. INTRODUCTION
Massive MIMO technology has widely been accepted as one

of the most significant technologies of the fifth generation (5G)
wireless communication networks due to its largely increasing
spectral and energy efficiency [1]-[3]. Traditional MIMO
channel models [4]-[6] cannot capture massive MIMO channel
characteristics which have been investigated by a large number
of measurements [7]-[10], such as cluster non-stationarity
on both time and array axes, and spherical wavefront. It is
important and necessary to propose a general, precise, and
easy-to-use channel model to estimate the property of massive
MIMO wireless communication systems.

Up to now, there are six channel models proposed for
massive MIMO technology- the 2D elliptical model [12],
the 3D twin-cluster model [13], the 3D SG channel model
[14], the 3D ellipsoid model [15], the 2D parabolic model
[16], and the 2D KBSM-BD-AA [17]. The elliptical model
is a 2D wideband GBSM, in which clusters are located on
multi-confocal ellipses. The 3D twin-cluster model models
the complicated scattering environment as the first and last
bounces of twin-clusters and virtual links between them.
Both the 2D elliptical model and 3D twin-cluster model
can capture massive MIMO channel characteristics, such as
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spherical wavefront and non-stationarity on both array and
time axes. They modeled cluster appearance and disappearance
by a BD process. The proposed 3D general SG channel
model [14] can support channel characteristics of SG wireless
communication technologies, such as vehicle-to-vehicle (V2V)
communications, massive MIMO technology, and millimeter
wave (mmWave) technology. The 3D wideband multi-confocal
ellipsoid channel model with uniform planar antenna arrays
(UPAs) for massive MIMO wireless communication systems
considered the non-stationary channel characteristics in the
time and array domains by adopting a BD process and a
seed algorithm on UPA for the first time. Only clusters in
cluster evolution areas (CEAs) go through cluster evolution
which is caused by near-field effect and other clusters can
be observed by all antennas in UPA. In the 2D parabolic
model, parabolic wavefronts replaced spherical wavefronts by
a second-order approximation, which resulted in linear angle
drifts of multipath components (MPCs). The authors modeled
smooth average power variations by a spatial lognormal pro-
cess and the non-stationarity on the array domain by a two-
state Markov process. All the above models are GBSMs which
are relatively accurate but complex. With lower complexity, a
KBSM-BD-AA was proposed [17].

The remainder of this paper is organized as follows. Sec-
tion II describes the six massive MIMO channel models. Re-
sults and analysis are shown in Section III. Finally, conclusions
are given in Section IV.

II. MASSIVE MIMO CHANNEL MODELS

A. 2D Elliptical Model

Let !viT (!vIn) denote the number of antennas in the uniform
linear array (ULA) of the transmitter (Tx)/ receiver (Rx) which
is located on focal point of the confocal ellipses whose major
axis is 2f. The antenna elements at Tx and Rx are spaced
with separation OT and On, respectively. The n-th cluster of
scatterers is located on the n-th ellipse with major axis 2an .

The carrier wavelength and maximum Doppler frequency are
presented as >.. and fmax, respectively.
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AC' ~E[Nn. ] = -' (1- -D~,) (4)
new An. e

where E[·] is the expectation.
According to the BD process, C! (Cr> are obtained by

P,~rvival (P,~rvival) and N,;,w (N,r;;,w)' The total number of
clusters Ntotal are the sum of the clusters which are valid to
at least one pair of antennas, which can be expressed as

(8)

K(t) LOS LOS
() hk1 (t)8(T-T )K t + 1

hk1(t, T) =

..
NLOS

..
LOS
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+V~ ~ m~/)kl,n,mjt)8(T - Tn(t) - Tmjt))

More details of calculations of this 3D twin-cluster model
are in [13].

For the twin-cluster model, the propagation environment be-
tween Tx and Rx through each cluster, for example Cluster.,
(n :::; Ntotal), is composed of three parts, i.e. the first bounce
between Tx and a representation Clnster~, the last bounce
between Rx and a representation Clnster~, and the virtual
link between the two representations. There are 8 1 rays in the
first bounce, and 82 rays in the last bounce.

The CIR of this model is similar with elliptical model but
the calculations of the parameters are based on the 3D vector
coordinate system. At the meanwhile, the NLOS components
of CIR should be calculated as

h~LOS(t) ~ n (~ ~ ej(27rfn.q(tlt+cf>kl.n.ili2(tl))
'kl,n / = VK+1 81'~~~CX;' ~ ~ ylSlS2 .

11=112=1

(9)

where K is LOS Rician factor and Pn is normalized mean
power of the n-th cluster. More details of calculations of this
2D elliptical model are in [12].

C. 3D 5G Channel Model

The 5G GBSM is a 3D channel model, which is based on
the twin-cluster model and Saleh-Valenzuela channel model
[19], which was originally proposed for indoor multipath
propagations to support the high time resolution which is an
important characteristic of mmWave channels. The number
of rays within each cluster follows a Poisson distribution.
Delay and complex gain are assigned to each ray. Doppler
frequencies are taken into account at both the Tx and Rx
for supporting V2V features. Moreover, polarized directional
antennas are considered. The CIR can be computed as

B. 3D Twin-Cluster Model

- if Cluster., tt (C!(t) n Cr(t))

hk1,n(t) = O.

(3)

(1)

(6)

(2)

Ntotal

hk1(t,T) = L hk1,n(t)8(T-Tn)
n=l

The non-stationarity on the array domain is modeled by a
BD process. Let C! denote the cluster set in which clusters
are valid to the l-th antenna of the transmit array (A!) and Cr
denote the cluster set in which clusters are valid to the k-th
antenna of the receive array (A~). The survival probability of
clusters in the cluster set at the Tx (Rx) P,~rvival (P,~rvival)

from C[l (C!) to Cf_1 (C~> can be modeled as [18]

T -'\R~
F:"urvival = e c:

where D~: denotes the scenario-dependent correlation factor.
An. (per meter) and AG (per meter) present the recombination
rate and cluster generation rate.

The durations between two cluster appearances and disap-
pearances both follow the exponential distribution [18], the
average numbers of newly generated clusters N,;,w and N,r;;,w
follow the Poisson process, which can be calculated as [18]

E[NT ] = AG (1- -~)
new An. e

!vIr !vIR
Ntotal = card(U U (C!(t) n Cr(t))) (5)

1=1 k=l
where cardt-) is the cardinality of a set. Then, a cluster, say
Cluster., (n :::; Ntotal), is valid to both A! and A~ if and only
if Cluster., E C! n C~. The total channel impulse response
(CIR) consists of two elements, i.e., line-of-sight (LOS) CIR
and non-LOS (NLOS) CIR. It can be expressed as a complex
matrix H = [hk1(t,T)]!vIRx!v!T' where k = 1,2,'" ,!vIn. and
1 = 1,2,'" , !vIT . In the theoretical model, the number of
rays which are in one cluster (8) is infinite, and the multipath
complex gains hk1(t,T) between A! and A~ at delay T can
be expressed as

- if Cluster., E (C!(t) n Cr(t))

h . (t) = 8(n -1)V K ei( 27rfk,c,s(t)t+cPt,os(t»)
kl,n K + 1

\, "v
LOS

+V:~ 1 J~~ (Js tei(27rfn.i(t)t+cPkl.n.i(t»)) (7)

... "v
NLOS

(10)

where Ntotal(t) is the number of clusters, !vIn(t) is the
number of rays which are in Cluster., which follows a Poisson
distribution, Tn(t) is the delay of Clust.er.,, and Tm., (t) is the
delay of the rnn-th ray in Clustcr.; All the parameters of the
proposed 5G channel model vary as time, which can model
the non-stationary on time axis and high mobility of channels.

For the LOS CIR, if both the Tx and Rx take polarized
antenna arrays into account, the channel gain hf.:PS(t) can be
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where (3 ? 0 presents how fast scatterers disappear on the
array axis. En,mn is decreasing if the difference between rn
and n is increasing, which means that less scatterers are shared

(14) if the antenna spacing is bigger. Then,

D. 2D Parabolic Model

The parabolic model is a 2D wideband non-stationary GB-
SM based on WINNER model [6]. There are two contributions
in this model. On one hand, parabolic wavefronts are modeled
by a second-order approximation. This approximation results
in approximately linear angle drifts of MPC, reducing com-
putational and theoretical complexity compared to spherical
wavefronts [21]. On the other hand, smooth cluster power
variations can be calculated by a spatial lognormal process and
cluster evolution is modeled by a two-state Markov process.
The CIR can be calculated as

(16)

(17)

(18)

Rn,mn = Tn,mn = ---:r======-r===

E. 2D KBSM-BD-AA

In the conventional KBSM for MIMO wireless communica-
tion system, the spatial correlation between the Tx array and
Rx array is not considered. The CIR can be expressed as

where H w denotes a Mi; x !vIT matrix with zero-mean unit-
variance complex i.i.d Gaussian entries, Rn(RT ) is Toeplitz
matrices which denotes overall spatial correlation matrices at
the Rx (Tx) when the Rx (Tx) array is ULA [22]. The element
of spatial correlation between the rn-th and the n-th antennas
in R n, i.e. Rn,mn can be calculated as

are in the n-th cluster at the center of the Tx antenna
array . b.</>ho S and b.</>U:,mn present the phase variations
experienced by the LOS CIR and the rn-th MPC within the
n-th cluster from the l-th Tx antenna to the k-th receiver
antenna, respectively. p,LOS and Pi; are the powers of the
LOS component and the average cluster power at the l-th Tx
antenna, respectively. f"m n is the Doppler frequency shift of
the rn-th MPC for the n-th cluster. The detailed calculations
of parameters of the parabolic model can be found in [16].

where 8~k is the complex gain between the rn-th (rn =
1,2,' .. ,!vIR) antenna and the k-th (k = 1,2",,) scatterer
, and 8~k is the complex gain between the n-th (n =
1,2,' .. ,!vIR) antenna and the k-th scatterer. Tn,mn is the
spatial correlation coefficient between the rn-th and the n-th
antennas and the entry of matrix Tn in the rn-th row and n-th
column.

For the massive MIMO channel, antennas are not effected
by the same set of scatterers. So, R n = Tn is not valid
any more. The survival probability En,mn of scatterers when
they evolve from the rn-th antenna to the n-th antenna can be
modeled by a BD process [17],

En,mn = e-,Blm-nl
(13)

(11)

LOS r;;u;s 'C A ",LOS+2 fLOS t )hkl (t) = Yp'LOSeJ '-'-'Plk 7r I .

Ntotal

hkl(t,T) = hr,ps(t) + L hkl,n(t)8(T - Tn)
n=l

where

expressed as

[
F?v(D~.mjt),A!(t)) ]T

hkl,n,mn(t)= FT(DT (t).AT(t))
1,H n,m n ' 1

[

.'" vv .'" VH ] [ n (n () n ( )) ]e!'Pn,mn yl'fieJ'Pn,m n Fk.V Dn.mn t ,Ah; t
yl'fiej<P~~nn ej<P~~nn Fh~H(D~,mjt), Ar(t))

JPn,mn(t)e i (27rfJ:",mn (t)t)e i (27rf,~"mn (t)t) (12)

where Pn,mn is normalized mean power of the rnn-th ray in
Cluster., and yI'fi is the cross polarization power ratio. The
normalized mean power of Cluster., can be computed as Pn =
I:mn Pn,mn' Random phases </>~::"n' </>~,~n' </>~,::"n' </>~~n are
uniformly distributed within [0,27r) [6].

The SG channel model can easily be adapted to various
configurations for different scenarios with various technologies
by setting proper channel parameters.

[
FT (DLOS(t) AT(t))]T [ei<PLOS}LOS (t) i.v kl " I .

I kl . = F?H(Dr,PS(t), A!(t)) 0

[
Fh~V(Dr,p.S(t), Ar(t)) ] ei (27rft,c)s(t)t)
Fh~H (Dr,PS (t), Ar (t))

where <has is uniformly distributed over the internal [0,27r)
[20]. The superscript V(H) denotes vertical polarization (hor-
izontal polarization). Functions FT(a, b) and Fn(a, b) are
antenna patterns with input vectors a and b in the global
coordinate system. The input vectors a and b are transformed
into the local coordinate system to obtain the antenna patterns.

For NLOS components, if Cluster., tt C!(t) n Cr(t), the
complex channel gain hkl,n,mn(t) can be presented as

ri u; ..
h. (t) = --.!:z::. """' eJ6mn eJC~<Plk,mn +27r/l,m. n t) (1S)n,« u; L.J

m n = l

where !vIn is the number of rays per cluster and Om n indicates
i.i.d. random variable which follows uniformly distribution
over [0,27r). It definates the phase of the rn-th MPC which

Rn,mn = En,mnTn,mn = En,mn-r=====-r=====

(19)

The calculation for Tx is same with the above procedure.
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(22)

Normalized antenna spacing,rlR

Fig. 1: Receiver spatial CCFS of six massive MIMO channel
models (lYh = 128, MR = 8, Ie = 2GHz, D = 160 m,

v = 5 m/s, v e =0.5 m/s, To (initial time)=O s,
f..£1 = 7r/3,f..£I = 7r/4 (3D models only), f..£~ = 7r/4,f..£~ = 7r/3

(3D models only), vI = 0, vI = 0 (3D models only),
v~ = 7r/3,vJoJ = 0 (3D models only).
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are completed in Fig. 1. For the three 3D models, we also
present their corresponding 2D models with elevation angle
being zero. The spatial CCF of the 2D ellipsoid model is
slightly larger than that of the 3D ellipsoid model when the
channel environment and array configuration are the same.
This conclusion also holds for the 2D/3D twin-cluster model
and the 2D/3D 5G channel model. The characteristics of ele-
vation angles in 3D channel models can increase the diversity
of channel models and therefore, have negative influence on
the spatial CCFs.

The spatial CCF of the 3D general 5G channel model is
very similar with that of the 3D twin-cluster model. A similar
conclusion can be obtained in 2D cases. The reason is that
the simplified massive MIMO channel model resulting from
the 5G channel model is based on the twin-cluster model.
Their difference is only on describing the delays of sub-paths
in certain clusters. The spatial CCF of the KBSM-BD-AA is
an exponentially decaying function multiplied with a zero-th
order Bessel function of the first kind.

Fig. 2 shows the comparison of normalized channel ca-
pacities of the above six massive MIMO channel models
and an i.i.d. massive MIMO modes in isotropic scattering
environments. The channel capacities of 3D models are in
general large compared to those of 2D models. From this
figure, we can conclude that the elevation angles have some
influence on the capacity of channels. The channel capacity
of the i.i.d. channel model is the upper bound of channel
capacities. The reason why the channel capacity of KBSM-
BD-AA is larger than those all of the GBSMs is that the way
introducing cluster evolution in the KBSM-BD-AA is simpler
than those in GBSMs. Channel capacities of all the above
models are not comparable when SNR is less than 12 dB.

(24)

The areas whose radius are f T and fn. are the CEAs where
clusters can be only affected by part of the antennas. The more
calculation and the seed algorithm for UPAs can be found in
[IS] .

The characteristics of above six models including wavefront,
cluster evolution, supporting 3D, moving Rx, mmW, UPAs or
not are compared as shown in Table 1.

Ntotal

h'k,l1l1J (t ,T) = L h'k,ii,0(t )8(T - To (t )) (20)
0=1

The elliptical model [12], the twin-cluster model [13], the
5G channel model [14], the parabolic model [16], and the
KBSM-BD-AA [17] always considered non-stationary channel
characteristics on the array axis, no matter what the relation-
ship between the distance between Tx and Rx and Rayleigh
distance. In fact, near-field effects are valid only in the area
whose radius is Rayleigh distance [23]. So, this paper first
introduces the threshold of the cluster evolution as I', which
defines the radius of CEAs. Note that

28,} (m 2 + n2 )
f T = A (23)

III. RESLUTS AND ANALYSIS

The absolute values of spatial CCFs of the 3D ellipsoid
model, the 2D 5G channel model, the 3D twin-cluster model,
the 2D parabolic model, the 2D elliptical model, and the 2D
KBSM-BD-AA in isotropic scattering environments at the Rx

F. 3D Ellipsoid Model
In the proposed 3D ellipsoid model, each ellipsoid was

the rotation of an ellipse with respect to the y axis. The
Tx and Rx are equipped with UPAs with !vIT (rn X n) and
Mi; (px q) omnidirectional antennas, respectively. The central
points of UPAs are located at the focal points of the confocal
ellipsoids with major axis 2f. The o-th cluster of scatterers
is located on the o-th ellipsoid with major axis 2ao . The
antenna spacings of the Tx and Rx are denoted as 8T and
8n., respectively. The massive MIMO CIR can be presented as
a Mi; x M T [(p X q) X (rn X n)] complex matrix. Each item
of H( t, T) can be presented as

- if Cluster, E (e~iJ n en,)

hi" (t) = 8(0 -1)) K ei(27rf,'kc.),;w(t)t+<P~~:~w(t»)h.,1J.1iJ,O K + 1
" "...

LOS

+) Po lim (_1_ t ei(27rfo.s(t)t+<P'k.UW.O.s(t»)) (21)
K + 1 s-+co VB 8=1

... ,v
NLOS

- if Cluster, tt (e~iJ n e,~,)

h lk:,1J.1iJ ,o(t ) = O.
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TABLE I: Comparison of six massive MIMO channel models.

~del [12] [13] [14] [IS] [16] [17]Characteristics
Support 3D N Y Y Y N N

Support moving Rx Y Y Y Y Y N
Support mmW N N Y N N N
Support UPAs N N N Y N N

Model cluster (dis )appearance BD process BD process BD process BD process Two-state Markov process BD process
Wavefront Spherical Spherical Spherical Spherical Parabolic Plane

[4] 3GPP TS. 25.996, Spatial channel model for multiple-input multiple-
output IMIMO) simulations, VI 1.0.0, 2012.
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[6] WINNER DI.1.2 P. Kyosti, "WINNER II channel models," ver
1.1, Sept. 2007. Available: https://www.ist-winner.org/WINNER2-
Deliverables/D1.I.2v1.I.pdf
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Fig. 2: Comparison of channel capacities of ellipsoid model, 50
channel model, twin-cluster model, the parabolic model, elliptical

model, KBSM-BD-AA and the i.i.d. massive MIMO model
(lYh = 32, MR = 32, Ie = 2GHz, D = 160 m, V = 5 mis,
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IV. CONCLUSIONS

This paper has investigated and compared the spatial CCFs
and capacities of six massive MIMO channel models. Simu-
lation results have shown that the spatial CCFs and capacities
of 3D GBSMs, such as ellipsoid model, 5G channel model,
and twin-cluster model are larger than those of 2D ones.
Furthermore, the capacities of the KBSM-BD-AA is larger
than those of GBSMs.

REFERENCES

[I] E. G. Larsson, F. Tufvesson, and O. Edfors, "Massive MIMO for next
generation wireless systems," IEEE Commun. Mag., vol. 2, no. 52, pp.
186-195,2014.

[2] F. Rusek, D. Persson, and B. K. Lau, "Scaling up MIMO: opportunities
and challenges with very large arrays," IEEE Sig. Proc. Mag., vol. 30,
no. I, pp. 40-60, 201 2.

[3] cx. Wang,?S. Wu, L. Bai, X. You, J. Wang, and ci. I, "Recent
advances and future challenges for massive MIMO channel measurements
and models," ?Sci. China Inf Sci., vol. 59, no. 2, pp. 1-16, Feb. 2016.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


